Collaborative project-based learning is well established as a component of several courses in higher education, since it seems to motivate students and make them active in the learning process. Collaborative Project-Based Learning methods are demanded so that tutors become able to intervene and guide the students in flexible ways: by encouraging them to develop independent solutions and also by keeping their efforts and activities targeted towards the lesson goals. Students, on the other hand, need to develop important skills in searching and analyzing information as well as in communication and time management. In this paper, we propose the design of a collaboration script, following the "Group Investigation method", to support the tutors and students of a collaborative project-based course on 'DataBases'. We implemented this script using a compound e-learning collaborative environment based on MOODLE and LAMS, which have provided tutors with several tools and methods to involve in the learning process. The evaluation of the students' projects and the comparison with the corresponding projects of the previous academic year showed a better level of collaboration and performance of the students but also proved that the learning environment offered the tutors a more efficient way to guide their students in Collaborative Project-Based Learning.
INTRODUCTION
Many tutors/educators, as a part of their courses within an academic semester, assign individual or group projects to their students. These projects -depending on the nature of the course -are usually complicated enough and require continuous support from tutors (Donnelly & Fitzmaurice; .
Project-Based Learning (PBL) is an instructional (and curricular) learner-centered approach that empowers learners to conduct research, integrate theory and practice and apply knowledge and skills to develop a viable solution to a defined problem (Savery, 2015) . It is an individual or group activity that goes on over a period of time, resulting in a product, presentation, or performance. It typically has a timeline and milestones, and other aspects of formative evaluation as the project proceeds.
Collaborative learning (CL) approaches seem to promote learning through the interactive engagement of students in activities, while at the same time getting them involved in a social learning experience. There has been evidence (Johnson & Johnson, 1998; Hake, 1998 ; Vogiatzaki & Avouris, 2010, Avouris et al, 2010) that such approaches have a positive effect on the learning outcome. In particular, Hake has reported the results of a wide-scale survey study that involved pre-and post-test data from first year courses in Physics. This survey involved over 6,000 students in the US. He compared performance in A script is a sequence of phases and each phase can be described by attributes (Dilllenbourg, 2002) . A collaboration script is a set of instructions prescribing how students should form groups, how they should interact and collaborate and how they should solve the problem at hand. The need for using scripts emerges from the fact that collaborative learning is a complex process where it is very difficult -if not impossiblefor the instructor to consider all interacting parameters in order to foster productive learning experiences . Instead, it is suggested that the instructor guides the learners' interactions within the group by implementing an appropriate structure (O'Donnell et al, 1992) . In this way, the probability of productive student-tostudent and student-to-teacher learning interactions is increased. Scripting collaborative learning has commonly been reported to result in improved learning outcomes ( Scaffolding collaboration can increase the probability of successful learning outcomes (Fischer et all; 2007) . CSCL scripts embedded in (Dillenbourg & Jermann, 2007) , or interpreted by (Hernandez-Leo et al., 2006c) e-learning environments aim to shape the way learners interact with each other to elicit fruitful interactions. The design of effective scripts is a non-trivial task that requires significant expertise in, and knowledge of, the possibilities and risks of structuring collaboration (Fischer et al., 2007) .
Recent approaches (such as the design studio by Mor & Mogilevsky, 2013) consider the value and benefits (if not the inevitability) of using and combining multiple tools and design representations (Conole, 2008) for the elaboration of complex learning activities, such as projects in academic courses.

Students of the Computer Science Sector of the Department of Electrical and Computer
Engineering of the University of Patras, Greece, attend, in the 8th semester as part of their undergraduate studies, the elective Course "Databases". The course includes both theory and lab sessions for engaging the students in "hands on" work. The course traditionally involved lectures on ERD designing, database schema designing and managing using SQL. Since the academic year 2005-2006, in order to encourage more active student participation, tutors have been giving students collaborative projects on different subjects. The way they have worked all these years has been as follows: Students would choose a partner among their fellow students and a project subject among 15-20 possible projects subjects. Then, they would collaborate for a six-week period in order to create the requested deliverables which are: a Report with database ERD, SQL code of tables and queries, an application to run a database through it and the application User Manual. Students would use a Moodle environment as their usual LMS to work and case specific tools to handle the database. If the students of any group had questions about the project, they had to contact the course tutors to help them. In the final week of the semester, an oral presentation of all projects was organized.
From our teaching experience in previous academic years, and pre-mentioned work, we verified the necessity for structuring the learning and collaborative process more in order to help students achieve better learning results and tutors supervise the learning process more efficiently. For these reasons, we diagnosed the need for a collaborative learning environment, which would have characteristics and capabilities that support students and tutors. For students, the compound learning environment must: a) divide whole tasks in sub-tasks, b) manage their available time for each sub-task better, c) help them to finish all sub-tasks that have to be completed, d) scaffold their collaboration through synchronous and asynchronous communication tools or shared workspaces. Also, it would provide tutors with some capabilities like: a) monitoring and evaluating the cognitive process employed by the students, b) supervising students' collaboration in order to improve it, c) guiding and prompting the students synchronously or asynchronously.
In this general frame, we deemed it appropriate to use a compound collaborative environment consisting of Moodle, LAMS and other specific to the case tools to offer students and their tutors some of the pre-described capabilities. The experience of organizing, supporting and evaluating student projects during the last academic year 2012-13 and comparing student project grades with the previous year's ones, is the focus of this paper. The created collaboration environment enabled us to investigate whether Scripted Collaborative Learning would lead students to better cognitive results. Also, we were able to see the advantages and weaknesses of each of the used LMSs and discover if their integration covers one another's weaknesses. The rest of the paper is organized as following: Section II refers to the related literature, Section III describes the method used on the compound LAMS-Moodle environment, section IV the design of the script and the methodology and section V discusses the results of the whole experience for both students and their tutors.
RELATED LITERATURE
Jarvela et al. (2015)
give an illustrative example using technological tools to support that successful collaboration in CSCL contexts requires targeted support for promoting individual self-regulatory skills and strategies, peer support, facilitation of self-regulatory competence within the group. The Prieto et al. (2014) study suggests that there is no single "silver bullet" tool for editing learning designs or CSCL and that teachers appreciate different kinds of support, depending on the moment and the concrete task at hand. Their data also suggests that learning design and CSCL script tool designers should not neglect other features that are not necessarily related with the act of designing itself. Such features include the connection of the tool with the teachers' learning platform of choice, the cost of integrating the tool into the existing workflow/practice, with its different restrictions (and which may even be variable with time). Bower & Wittmann (2009) gauged the perceptions of sixty-eight teacher education students of each of these systems as frameworks for designing learning experiences. Their responses indicated that the majority of students appreciated that different tools were suitable for different purposes.
Masterman et al. (2009) investigate experienced teachers' initial perceptions of learning design as a conceptual framework for practice through its instantiation in either LAMSv2
or Moodle. In this study, the participants' perceptions of 'learning design' as a practice were examined based on experience designing in one or other of the tools, with a general consensus that such approaches were useful for structuring learning, catering to a range of abilities and motivating students. Walker and Masterman (2006) have examined the issue of learning design reusability based on participants' use of either LAMS or Moodle, with attitudes towards reuse being more favorable than the extent to which designs were reused in practice.
The final report of the ALeD (Authoring Using Learning Design) project (Joint Information Systems Committee, 2007) concluded that LAMS and Moodle were both effective for designing and facilitating online learning where there is a strong emphasis on sharing, collaboration and reflection. However, all the aforementioned studies compared tools to each other, and no one reports on the benefits of their integrated use.
THE COMPOUND ENVIRONMENT AND METHOD
In order to achieve the objectives discussed in the introduction section, during the academic year 2012-13, we created a collaboration environment using Moodle, LAMS and application-specific external tools in the course site. In this way: a) students did not change their familiar Moodle environment, in which they had been doing their laboratory exercises; b) the LAMS environment gave us the ability to structure the whole process better, organizing the phases, and giving students the necessary directions and tools they needed. Also, via the LAMS Monitor environment, we could watch student progress in each phase and give suitable help when asked; c) if there were some questions from two or more students/student groups, we could upload general directions for them through the Moodle environment; d) LAMS provided students with the ability to use external tools, when its toolbar couldn't support task-specific activities (e.g. create UML flowcharts, ERDs, SQL tables and queries) necessary to design, create and manage a database.
LAMS
The Learning Activity Management System (LAMS -http://www.lamsfoundation.org/) is an e-learning system for authoring, managing and delivering online collaborative learning activities. It has the power to present in a complete and functional way different activity structuring techniques. It provides the appropriate support to develop a collaboration approach through shared workspaces, wiki editing, Q&A, multiple choice, voting activities and other synchronous and asynchronous communication tools, such as forums and chat rooms, where group members can exchange ideas while providing an open-source platform for designing, managing and delivering online learning sequences (LAMS International, 2009). It also includes a range of pre-installed plugins for webconferencing, mapping exercises, image creation, spreadsheet tasks and more, which enable students to integrate a variety of new activities into their learning designs. These features allow LAMS to be effectively used to develop pre-service teachers' learning design skills (Bower, 2008; Cameron, 2006 Cameron, , 2007 Kearney & Cameron, 2008) . However, LAMS is not appropriate for sharing general directions to all project groups simultaneously.
MOODLE The Modular
Object-Oriented Dynamic Learning Environment (Moodle http://moodle.org/) is a free source Learning Management System (LMS) with millions of users and courses around the world and, like LAMS, it also offers the ability to create chats, forums, wikis, online quizzes and disseminate resources. It does not come with the same range of pre-installed plugins as LAMS; however, it does have a strong development community offering hundred modules and plugins that can be installed at the administrator's discretion. Its main use is to present in the same environment all course materials ordered in units and ready for consultation with students (Dougiamas & Taylor, 2003) . Nonetheless, the Moodle environment does not have the necessary tools to set the specific order/flow in which students complete the activities. Consequently, it is not recommended as reliable support for scripted learning.
The Group Investigation Collaboration Method
For the implementation of the proposed collaborating Environment, the Group Investigation Collaboration method (Sharan, S., & Hertz-Lazarowitz, R., 1980; Sharan Y., & Sharan, S., 1994) was used. We selected this collaboration method because, according to Sharan (Sharan, 1980; Tan, 2006) , it is appropriate for Problem-Based Learning. Students form interest groups, within which they plan and conduct an investigation, and synthesize their findings into a group presentation for the class. The teacher's general role is to make the students aware of resources that may be helpful while carrying out the investigation.
It is based on the four main elements of the learning process, namely: 1) Investigation, 2) Interaction, 3) Interpretation, 4) Intrinsic motivation. During the employment of this method, groups work on similar problems using versatile approaches. The whole process leads to the active construction of knowledge.
In a Group Investigation context, student groups plan, conduct, and report on in-depth research projects. These projects provide opportunities for students to study a topic extensively and gain specialized knowledge about a specific area. Allowing students to select topics of special significance to them, to form interest groups and to carry out their own research can be very motivating. This method also helps students recognize that research does not always follow the same series of steps but is, instead, contextdependent. Students learn that good research is a logical, well-organized endeavor that differs from one discipline to another, from one project to another, and even from one researcher to another. When students complete a Group Investigation, they enhance their understanding of the importance of discovery. When they participate in peer and teacher review of their projects, they gain practical experience in both giving and receiving constructive criticism. Finally, because, in conducting the investigation, the group follows a series of steps and is working within a time frame, it discourages plagiarism, a phenomenon sometimes associated with conventional term paper assignment.
METHODOLOGY Project Preparation and Execution
First, the tutors in the course announced 15 possible project themes in the Moodle Environment. The projects were optional and they contributed by 20% to the total grade of the course. Some typical examples of projects undertaken were: Hospital, Supermarket, Music Library, etc. One theme was open, so students could suggest the project theme they wanted.
The students had 5 days to choose a partner on their own as well as a project. We selected this group formation method because self-selected groups seem to work best in small classes, who already know each other, especially when the collaboration time is not very long (Walvoord, 1986) .
Then, the project problems were allocated to the groups and detailed instructions about projects and the way that they would be graded were given. Finally, 20 from a total of 37 students in the course took on projects. 16 students formed 8 pairs, while 4 students did their projects individually.
The Activity Flow of the Course
The proposed learning flow for the course consisted of four separate phases of computermediated collaborative problem-solving activities (table 1), irrespective of whether students worked in pairs or not. Each phase was organized according to the previously mentioned Group Investigation Collaboration method. As the underlying strategy is Project-Based Learning, the overall structure leads user activities to a global goal, which consists of individual phases and sub-tasks that are carried out using several tools of LAMS and external tools, when needed. This activity had the objective of stimulating the students to work as a group for a considerable amount of time, of compelling them to get involved in organizing their activities and making optimal use of the available tools and resources, and of giving to the students the opportunity to deal with a complex problem that required much more advanced programming skills and knowledge than that introduced in the frame of the course. 
Manual
The learning design of the course, according to the structure introduced in table 1, was implemented in LAMS, where we defined the tasks and the scheduling of the whole activity (Figure 1) . The students, after the general directions that were given by their tutors, downloaded their project and began to work in four phases. Each phase was organized according to the Group Investigation method. Firstly, with a noticeboard LAMS tool, we gave specific directions to the students about what to do in each phase. In phase A, we additionally used a Mindmap LAMS tool to allow students to organize their concepts and ideas about the project theme. With the Chat, Forum and Wiki LAMS tools, we gave them the ability to collaborate with each other synchronously or asynchronously. If there were questions that could not be answered by the other member of the group, or if there were questions from students who worked individually, we could check them via the LAMS monitor environment, and give the requested help. When a similar question was asked by more than one group/individual, we would upload the answer in the Moodle Environment, so that all students could see it. Finally, with the Submit Files LAMS tool, each group's members/individual could upload each phase deliverable.
Figure 1. LAMS sequences in which the 4 different phases are obvious, each one designed according to the group investigation method.
Students had a six-week period for project work. With the LAMS monitor environment, we watched each group's/individual's progress in the LAMS sequence in order to offer appropriate help when asked. If someone delayed in an activity, we motivated him by giving the help needed for them to overcome any difficulties. Also, we kept a diary of the process in which we noted the detailed student activities, the time each one took to complete them and the kind of help we offered. This helped us to present our learning experience as described in the Results Section which follows.
After the end of the fourth phase, we gave students via the Survey LAMS tool an evaluation questionnaire for them to describe their whole experience. With this, we wanted to analytically explore the participants' experience and their personal beliefs about the proposed collaborative method and the supporting environment. The questionnaire had been authored following a multi-faceted approach, combining qualitative and quantitative data, and was constructed taking into consideration theoretical assumptions of multiple literature perspectives (Gillham, 2000; Oppenheim, 1992; Sapsford, 1999) , in order to clarify certain goals. Qualitative data were recorded through follow-up observation data during the whole procedure and individual face-toface conversations with some students who were randomly selected.
RESULTS
The students delivered their reports using the Submit Files LAMS tool, which is the last tool of each phase. Two students asked for three days extra time from the set project deadline, which was granted to them. In the final week of the semester, an oral presentation of all projects was organized. The students' final grades, for those who worked in groups, were based by 80% on the quality of the given solution and by 20% on the collaboration through the compound environment. We applied this grading method so as to motivate the students to use our proposed script.
The results were very encouraging. All group members/individuals ran almost all activities in their LAMS sequences and they had active participation, which helped them to elaborate on their projects. Table 2 , where we compare student grades in projects in the Academic years of 2011-12 and 2012-13, their mean grades increased significantly (mean difference 1.17). We think this happened due to the following: a) the whole project was split in 4 sections (phases), with specific instructions about each section's deliverable; b) all students could estimate better the whole time that was required for each section and schedule work according to their available time; c) the students had a supporting environment with synchronous and asynchronous activities, which gave them the ability to interact with each other and with their tutors. In this way, they could have their questions answered with less effort and more quickly than in the previous year. Also, we can see in Table 2 that Standard Deviation decreased considerably (Standard deviation difference=0.5). A possible interpretation for this finding is that the compound environment and the followed collaborative method helped weaker students to improve their knowledge and, consequently, their grades. In table 3, we compare the grades of the students who worked in groups with those of the students who worked individually. However, because of the rather small number of students who worked individually, we cannot reach safe conclusions. All the students who took part in the projects completed our evaluation questionnaire. 18 were male and 2 female. All of them had been taught programming languages during their previous years of studies with most programming skills related to C, Java and JavaScript. Regarding their acquaintance with the course subject, most of them had no previous experience with designing, implementing and handling databases. 40% had not used any Database Management System before, 20% had used Microsoft Access, 20% Mysql and 15% SQL Server and 5% other. Student answers to our questions are shown in the following Table 4 .
As we can observe in
In the question of what they had liked more about the compound environment as concerns the collaboration between them and their tutors, the students answered: the ability for very constructive and direct help with the questions during the project, the step-by-step guidance during all phases that did not allow room for misunderstandings, the wiki LAMS tool, which allowed students/tutors to make collaborative edits to the content provided, and the forum LAMS tool, with which they could post their questions and receive answers from their partners/tutors. In the following Figure 2 , you can see the possible correlations between the students' answers to the previous questions and their project grades. We interpret the degree of any correlation by both the shape and color of the graphic elements. Any variable is, of course, perfectly correlated with itself, and this is reflected as the diagonal lies on the diagonal of the graphic. Where the graphic element is a perfect circle, then there is no correlation between the variables. The colors used to shade the circles give another clue to the strength of the correlation. The intensity of the color is maximal for a perfect correlation and minimal (white) if there is no correlation. Shades of red are used for negative correlations and blue for positive correlations.
Figure 2. Statistical Analysis where you can see questions and Project Grades correlations.
As negative points of the environment, some student mentioned: collaboration time increased because they had to collaborate strictly via the offered tools; the mind map LAMS tool had synchronization problems; the Submit Files LAMS tool had only 1MB maximum upload file size and did not allow them to delete their older submissions. Because students selected their partners on their own, some of them preferred to collaborate face-to-face, in this way bypassing the Moodle-LAMS environment.
The two tutors that were engaged in the process as supervisors wrote their remarks on this learning experience in a draft report. Their main remarks were: a) LAMS proved to be an adequate tool to apply scripted learning, which enabled them to apply the prementioned script exactly as they had designed it; b) the LAMS monitoring environment was excellent for analytically watching each student's progress and providing appropriate help when it was asked. In the following table 5, we can see the Students' and the tutors' asynchronous collaboration via the LAMS Forum tool. For example, in Group 1, Phase A, the tutor answers to 1 post by a student. The same happens in Group 1, Phase C. In Group 5, phase B, student 2 answers student 1's post, and the tutor answers student 2's post. The students with individual projects asked more times for face-to-face help than the students who worked in groups; c) the Moodle environment was suitable for giving general directions and uploading files, when tutors decided that something had to be announced to all project participants simultaneously; d) the LAMS monitoring environment needs to be enriched with an intelligent module for supervising the whole learning process. 
DISCUSSION
This paper has attempted to be prove the importance of combining the tools two widely used LMSs offer and the structure that a CSCL script gives, in order for: a) students to achieve a better level of collaboration and finally better final grades in the course and b) for tutors to help them as much as possible.
Learning with the use of ICTs and the abilities they offer intrinsically appeals to students, thus leading them to increase their active participation. The new stance towards learning is to be move it from a purely individual and externally programmed endeavor (i.e. planned and executed with the aid of a teacher) to learning in and with groups in a problem-based or inquiry-based situation. This is the case not only in the classroom but also in distributed environments offered via LMSs, which are used widely for a range of purposes in Tertiary Education and offer many different abilities to tutors and students alike ( Qualitative and quantitative data gathered by the evaluation questionnaire at the end of the whole process indicated that both tutors and students had a positive stance towards the compound environment, which they found usable and user-friendly. The two tutors felt that the compound environment, as a web-based learning environment, fostered student interaction, team cooperation and had the potential to bring about educational change by means of student interaction and active involvement. Participant students confirmed this attitude, as could be seen from their answers.
One critical question was: "Does the compound environment offer all the necessary tools for the teaching of any course?". Designing a general system with its materials, its examples, etc. to make it attractive for widely different teachers and subjects is not an easy task at all. Every course has its own particularities and it is practically impossible to design a general applicable environment that implements the original IMS-LD dream of "design once, deploy anywhere" (Prieto et al., 2011 (Prieto et al., , 2013 Other functionalities that are also mentioned quite frequently in the literature and can be added to the environment in the future are: the ability of the system to work (all or a part of it) offline, the provision of initial templates to speed up design work, tools with an accessible vocabulary, group and resource instantiation automations, simplicity of use, etc.
A frequent statement stressed by the participant students was "Why choose online interaction when we can interact by using speech in the real world of the classroom or of our homes". It was argued that the limited time of the course does not give the opportunity for extensive peer interaction, nor can it foster the students' ability to retrieve informational schema and resources. Also, without the detailed guidance that the CSCL script offers, free collaboration, with its unstructured interactions, entails the danger of the students getting lost. Of course, face-to-face interaction remains an integral and irreplaceable part of the whole learning process. Blended learning can make the most of both face-to-face and e-learning approaches, expanding the borders of today's learning process. On the other hand, there were some statements that opposed this approach, noting that students already spend too much time on chats and online discussions, where common language regulations are rather violated.
Finally, we consider that the success of the environment is obvious from the data responses to the question "Would you like to use the same compound environment with the same or another script for a given project in another course", where 15 out of 20 students and both tutors agreed.
Some limitations in our project were the following: a) the relatively low number of students who took part in the project prevents our conclusions to be statistically generalizable. But in real conditions, almost always the number of students who select an elective course isn't very big; b) the fact that the two tutors who constituted the evaluation team composed of proponents of the proposed environment (which may have introduced biases); c) despite our efforts to minimize such effects, our study still was concerned with a single intervention of limited duration (one academic semester), which lacks the validity of a more longitudinal study of usage. However, these limitations are offset by the rigorous triangulation of techniques, data sources and informants performed in the analysis. Indeed, far from pretending to have the last word said in this direction of research, we have tried to discover emerging themes to be explored in future studies.
CONCLUSION AND FUTURE WORK
In this paper, we have tried to investigate if collaboration scripts applied via a compound LMS environment helped students and their tutors to achieve better cognitive results in a Collaborative Project-Based Learning course. In order to support them during a course on 'DataBases', we designed a collaboration script, following the "Group Investigation method", and we implemented this by creating a compound e-learning collaborative environment based on two of the most popular LMSs, namely, MOODLE and LAMS. The evaluation of the students' projects, the comparison with the corresponding projects of the previous academic year and the students' opinions in the distributed evaluation questionnaire showed that the integration of the two LMSs and the followed CSCL script provided both students and their tutors with more tools and methods that were not available in each single LMS and led to a better level of collaboration and finally better final grades for the students of the course. In a future work, the LAMS-Moodle environment could be expanded with the use of a tool like Glue (see relative literature section) in order: a) to enable the easier sharing and reuse of learning designs and b) to allow teachers to widen the array of tools they can choose from to enact their learning activities, enabling them to select external tools that they (or their students) might already be familiar with (e.g. Google Documents). Also, we want to use the same compound environment with different CSCL Scripts and different group formation methods. Finally, the extended LAMS and Moodle log file analysis will help to better understand the underlying collaboration mechanisms.
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